ject.
Size. The average diameter of the red cells found by the various investigators quoted below is 6.3tt. IV. Physiological variations of the red blood cells conform to the general rule. There is a diminution of red cells the first few days after birth, with a progressive increase to a. maximum of from 3.0 to 8.9 million at one year of age (Jolly 258). He also finds that the female has from 0.5 to I million fewer red cells per cu. mm. than has the male. Klieneberger and Carl28' report similar findings. V. Hemoglobin content. In relation to the nucleus the protoplasm is not abundant, for the nucleus appears to occupy a large part of the cell. The granules are very fine, typically neutrophilic, and not very abundant.
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Lymphocytes. The lymphocytes are about the size of the red blood cells or slightly larger. The nucleus is pyknotic, granular, and often contains one or more nucleoli. The protoplasm is not abundant, often apparently absent, and is strongly basophilic. In the larger forms, which are the most numerous, the nucleus consistently shows a central nucleolus. This stains a very deep blue, is round, I to 2[t in diameter, and is the most characteristic thing in the blood of rats.
Large mononuclear and transitional cells are 7 to I 2[t in diameter, and rather irregular in contour. The nucleus is rarely round, usually reniform, with a fine blue reticulum, and does not contain the characteristic nucleolus of the lymphocyte. The protoplasm is fairly abundant, and contains a few large azurophile granules.
Polymorphonuclear eosinophils are of the same size as the neutrophils. The nucleus is pale, with rounded outline, the lobes not numerous. The granules are abundant, small (they are the smallest eosinophilic granules, according to Lo"wit330), and very orangeophile. The protoplasm is invisible.
Polymorphonuclear basophils. These cells are similar to the eosinophils in size. The nucleus has relativelv few lobes, and is almost invisible. The protoplasm is clear blue, and contains many basophilic metachromatic granules of uniform size. These appear to be consolidated in places.
Myelocytes. Of these cells there are none.
VIII. Enumeration of the white blood cells. The average total leukocytic count in the 134 counts found in the literature is 11,590 per cu. mm., with a normal range of between 8 and I5,ooo. The accompanying Age. Jolly has found a steady increase in the total leukocytic count from 2,700 on the second day of life to io,600 at the end of the first year.
Pregnancy causes a slight increase in the total leukocytic count, without any apparent change in the differential values.
Alimentation. There is a digestive leukocytosis, with a mononucleosis.
Race. The neutrophils vary somewhat in different breeds.. X. Platelets. Platelets are small, very numerous, lying in great clumps in the smears, and show a deeply staining inner zone (Corsy'03, Osler418, Klieneberger and Carl281).
In counts on two animals, Linser327 found 497,000 per cu. mm., and Cramer and his collaborators108, 1.1 report a normal value of 8oo,ooo per cu. mm. Bedson and Zilva24 give the normal as I,208,000 per cu. mm. XI. Coagulation time. Korke283 finds the normal time to be 3 minutes and 30 seconds.
XII. Resistance of the red blood cells. Takenouchi554 studied their resistance to saline and found that 20 per cent hemolysis occurred in 0.44I per cent salt solution in young animals, and in 0.470 per cent in adults. The red cells of the female are less resistant than are those of the male. XIII. Blood volume. The blood volume is 6.3 per cent of the body weight, according to Chisholm96, who calculated the volume for 50 animals. XIV. Specific gravity. Korke283 finds this to be i.o6o. THE MOUSE I. Method of obtaining blood. The customary method of obtaining blood from the vein of the tail has been found open to criticism. Repeated withdrawal of blood in this manner causes an acute inflammatory process with hyperleukocytosis. Furthermore, it has been found by Klieneberger and Carl, and by others, that the blood 272 BLOOD PICTURE OF NORMAL LABORATORY ANIMALS obtained from the tail differs Considerably from arterial blood. Klieneberger and Carl281 have found the red cells to number one million higher in tail blood than in blood taken from the femoral artery, while the white cells were more than twice as numerous, with an increase of 20 per cent in the lymphocytes and a corresponding decrease of neutrophils. However, their leukocyte findings in tail blood do not at all agree with the fairlv uniform results of other workers. In general, the blood from the tail resembles arterial blood.
A needle into the femoral arterv, or into the auricle of the anesthetized mouse may be used to obtain arterial blood. Blood taken from the ear may be satisfactory for single counts.
Repeated bleeding from any source quickly produces pronounced anemia in the mouse. II. Description of the red blood cells. These are round, biconcave discs, in general non-nucleated. There is slight anisocytosis, marked polychromatophilia (between I to 50 and i to 5 normal cells-Klieneberger and Carl281), and some stippling.
Nucleation. There are isolated normoblasts and free nuclei in the circulating blood. Such normoblasts are often punctate (Klieneberger and Carl).
Reticulation. Krumbhaar289 found the average number of reticulated red cells to be 4 per cent of the total number, with a normal range of from I.O to 6 per cent.
Size. The average size of the erythrocytes is about 5.8pL. Goodallt94 gives the average as 5. Polymorphonuclear neutrophils. The nucleus is polymorphous, usually composed of several connected masses of cytoplasm, 274 occasionally, however, showing two or more disconnected nuclei. These cells are usually said to be non-granular, but by careful prolonged staining it has been shown that there are a rather small number of small, weakly neutrophilic granules (Goodall194, Hirsch-feld231, Mezincescu306, Niegolewski409, and Schifone495).
Lymphocvtes. These are of the small and large varieties, with a predominance of the larger type, having a relatively large rounded nucleus and faintly basophilic protoplasm which contains .many azurophile granules.
Large mononuclear and transitional cells are similar to those in man.
Polymorphonuclear eosinophils. These cells have a polymorphous nucleus similar to that of the neutrophil, with frequently a ring shape. The granules are often scanty, and may be arranged in patches (Goodall'94). They are small, rounded, and acidophilic.
Polymorphonuclear basophils. These cells are very rare in the mouse, and show no individual characteristics.
Myelocytes. Occasional eosinophilic myelocytes are seen in otherwise normal blood. VIII. Enumeration of the white blood cells.
The normal values given by various authors are quite similar. The average total count of 8i counts by 6 investigators is 8,450 per Cu. mm. The average differential findings, with approximate normal variations, are as follows: holding the cat Klieneberger and Carl28' recommend placing the animal in a sack and passing the ear through an opening. Corsy'03 has used the toe-pad of a hind foot. II. Description of the red blood cells. These are smaller than those of human blood. They are paler, and many cells have a ringlike appearance. There is considerable anisocytosis and rather diffuse polychromatophilia. There is no stippling. Howell-Jolly bodies are not found in normal adult blood (Schmauch500).
Nucleation. Occasional normoblasts are to be found in the blood of adult cats, according to Jolly and Vallee263 and Klieneberger and Carl281; the latter have found an average of six to every 200 leukocytes. Hayem216 believed that more were normally present. Corsy103 found them at birth and persisting for a rather long period of time.
Reticulation. Krumbhaar289 found an average of 0.2 per cent of the red cells to be reticulated, with a normal range of 0 to 0.4 per cent. Drinker144 found from o to 2.5 per cent of the erythrocytes to be nucleated.
Size. The average size of the red cells found by twelve investigators is 5.9pt. The following table gives the values reported. IV. Physiological variations of the red blood cells.
Age. Young cats have decidedly lower red cell counts than has the normal adult. Hayem2 1 and Corsy'03 found the average in kittens to be from 3 to 4 million lower than that of adults. Hayem2 6 and Retterer453 found that the average diameter of the red cells in young cats is slightly greater than in those of the adult.
Sex. Holz237 reports a slightly lower average in females than in males. Ostrowsky419 found somewhat lower red cell counts in pregnant than in non-pregnant animals.
Emotional stimuli cause marked changes in the blood picture. Excitement, fear, etc., cause a notable rise in the erythrocyte count. Lamson302 found that the excitement caused by a barking dog increased the red cell counts by 50 per cent.
Etherization. One hour of etherization causes an increase of one million in the erythrocyte count (Shaw526). V. Hemoglobin content. Only three investigations of the hemoglobin content in the blood of the cat could be found in the literature. The following table gives the findings. Polymorphonuclear neutrophils are cells of about 7 to ioFt in diameter, with an extremely polymorphous nucleus, similar to that of the dog, being very tortuous, and irregularly lobulated. The nucleus stains rather intensely, and is clearly outlined.
Corsy103 has found an average Arneth count of 311, with division into classes as follows:
Lymphocytes. These cells resemble those of human blood, being from 4 to i ot in diameter, and largely of the smaller variety, i.e., approximately the size of a red blood cell. The nucleus is pyknotic, with a slight margin of basophilic protoplasm. Large mononuclear and transitional cells range in size from 6 to I5 . The nucleus is usually oval, or indented, more vesicular than that of the lymphocyte. The protoplasm is more abundant, frequently containing a few azurophile granules. Polymorphonuclear eosinophils. These cells are slightly larger than the neutrophils (7 to Iip), with considerable variation in size. The nucleus is similar to that of the neutrophils, staining somewhat less intensely. The protoplasm contains from 30 to 6o granules, larger than those seen in the cells of the dog, and varying con-siderably in size, shape, and number. The usual shape is that of short, thick rods with rounded ends (bacilliform, cylindroidal, ovoid) . Occasionally some of the granules appear spherical. The granules stain intensely with eosin.
Polymorphonuclear basophils are similar in size to the eosinophils or are slightly larger (8 to i2[t). The nucleus is pale, less broken up than in the other polvnuclear cells, and often bilobed. The granules are rather large, not abundant, strongly basophilic, and stain metachromatically. Myelocytes are not present in the normal circulating blood. VIII. Enumeration of the white blood cells. The normal values for total leukocyte counts are undoubtedly affected to a considerable degree by the excitement attending bleeding. The average value for the total leukocytic count in I26 counts by I4 investigators is I3,760 per cu.mm. The differential counts of various investigators are quite similar. The average percentages, with approximately normal variations, are as follows: IX. Physiological varsations of the white blood corpuscles. Age. Jolly and Vallee283 have found a relatively higher proportion of neutrophils in young animals than in adults, with a corresponding diminution of lymphocytes. Eosinophils are rare in the young (Corsy 103). Hayem216 found no correlation between age and the total leukocytic count.
Alimentation. Corsyl03 reports increases up to 50 per cent in the total white count following feeding, with a mononucleosis, largely a lymphocytosis.
Pregnancy causes a slight increase in the total leukocyte count, with a slight mononucleosis (Corsy'03).
Anesthetization. Etherization for from three to four hours causes a leukocytosis, with an increase in the relative proportion of large mononuclears, no great change in the neutrophils, and a diminution in the number of lymphocytes (Shaw526). X. Platelets.
No platelet counts were found in the literature. Hayem21T
found these cells to be very numerous, being from 2.3 to 3.51t long, occasionally as long as 4.81t. Klieneberger and Carl28' state that normally they are not very numerous, but are clumped, and show an intensely staining inner zone. XI. Coagulation time. Barlow and Ellis21 found the normal time to be 4 minutes and 4 seconds at 25 C., while Cannon and Mendenhall90 report a normal of 5 minutes and 9 seconds, in 2 I animals examined, with a. range of from 3 minutes to IO minutes and 6 seconds. XII. Resistance of the red blood corpuscles.
No reference to this could be found in the literature.
XIII. Blood volume is 5.5 per cent of body weight, according to Meed and Gasser359. Corsy'03 gives the average range from 5 to IO per cent of the body weight. XIV. Specific gravity.
Sherrington530 gives I.0526 as the normal specific gravity, while
Athanasiu"6 states that the normal is I.054.
